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SDespite the advent of many exotic sensors for detecting targets at night, i si~gnificant portion of
airborne tactical activity is carried out via direct vision, usually involving sowe type of artificial
Illumination, wit%. air-dropped parachute flares. The use of flares constitutes onet of the most difficult
visual requirements for aircraft crew member* attempting to detect targets at night. Efforts by theAerospace Medical Research Laboratory, Wright-Patterson Air Force Base, OMIo, have involved sixulating
Various Illumination sources, and requiring subjects to detect scaled-down targets under different terrain
And Illumination conditions.

Upaper Is concerned with the Tesults from three recent expetrimeots. Experiment I dealt with the
effect of shielding a 25,COOOOO-lumen flare source ad determining the optimal number of flares to beused for a given target area. O statistically significait effect IJIA farad due to flare shielding. For
the $Iven target area sirrulate'.- it appeared tiat there was no sdditional Ibenefit derived from igniting
more than two flares over a simulated area of about 1.5 kilometers by 5 kilometers. ,Experiment 11 dealt
with shielding of a 6O,0OO,000-lumen sourcej and again, no statistically significant effect was found due

*to the flare shielding. '4Expor'mmzt III dZ1t with the "isual acuity"'undar isizulated flare light~ inthis experizent, each of eight groups of five subjectA performed at a different simulated obierve fcititude
ranging In 152-meter Incremnns from 152 to 1,219 eters. .For the liant rangef; simulated (1,02.9 to 1,587
ntors), 610 meters was the best altitude for visual performancee. Like tate other findin 9. this could
hav, significaut impact on tactic&l planning for night missions. qi-e jiriiicerx ct this study have new

bee ~.~-'!!- -1 Uaaeand the Aerospace Medical Research Laborator~y , %' conjunction with the

AirFore Amamnt ab rr s conducting flighit cts to validate the altitude data of the experimental
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affect of shielding a 25.u0,uuu-Loses fluar source and determiningth pi"smeoflastob
used for a gives target area. N statistically significant affect was found due to flare sbielding.fo
the giver target area oimulated, It appeared that there wag no additionsl benefit derived from igniting
mre this t~wo f lares over a simulated area of about l.3 kilometers by 3 kilometers. Experiment It dealt
with shielding of a 60,000.000-lumen source, and again, no statistically significant effect was found due
to the flare shielding. Experiat III dealt with the "visual acuity" under emtulated flaret light. to
this experiment. each of eight groups at five subject* performed st a different slilated observer altitude
aromiog s 12-ster Incemsestafrio 12 orv1.219pwrfoe arte lant resheaimodinp.029 o 1.5
mrs), 610 e-ater a irethe 2 ttudor 1is2a9 meer.frne the athrnes sto inatdns (1,02 tould3

ai oc Areamaut Laboratory, Is conducting flight tests to validate the attitude data of the exprimental.
simulations. *
IINWTION

' .' 0e of the most difficult visual requirements for aircraft crew members Isavvs detecting targets at
&ifhL Despite the Advent of numerous exotic sensing devices. Lhe majority of night-time aerial activity
Is carried em under air-dropped. parachute Illualnatios flures. Specific problema ancountared by crew
members utilizing flare Illumination Include: restricted fields of view, visual discrimnation at low
levels of Illumination, difficulty In tracking. terrain avoidance. visyel "hItcet, flare flicker and
eeeillation, contrast reversal, lose of depth perception, and vertigo. It haa also been reported that2&nrig low level flight at night, tht large end frequent changes in adoption, lawr visual performance.2

Uther Is very little 3litearture relevant to this general problem of viom under flare light.
Laboratory Investigations3 

Into aspects of visual air reconnaissance have been conducted and mathematical,
relatisships for predicting peirformance In actual operations have been suggested. However, It has been
pciated out that appl catious of these predictive methods to practical detectiam problem cag lead to
*great comPleities".1 AD eXnpIs Of these "compIlxite" is given by 31unt end SebselIngU. ased uocA
hypothetical diffuse target-reflectance, itherent contrast, target eas", range. and atwoepharic effects,
It was calculated that a flare of 1,445.000.000 Insens would be required to produce enough Illuminance to
be able to detect an armored tank located on dry send at a range of 2,743 astern. (The met commonly vned
flare In th^ present Inventory, the ?%avsl Kerk 24. produces 25,000nO imees). Blunt snd SchsaflInX
further point out thes requirements may be incrased by as such an five times when combat factors are
coesidered (I.e., psychological stress. etc).

Therefore, it is not surprising tt visual problem are ent untered deriog nitht, sir-to-rond tasks
sa that this Is I difficult Problem to: research. Using laboracory-astAblishod relationship. in their
present form does not always end in veesonable recgisndecions for tne field sad acttopt: have bean Sede
at both laboratory siuulationab and field studies.' Haoiltoun atteptad to derzarmine nl.ght visibility
distances for ilitary targets using -*4ale-codel sivslator. Viewiog Path$ were xround-co-ground rather
than air-to-ground. It was found that visibility wae )oortvt when targets wgrs placed against foliated
backgrounds and ihean the durations of Illuination were short. In Uasnar'' fteld study, ground targets
wete placed in a 2.6 square-eter aeo and six erial observers 1 Isv at tltitudas rantin3 frve 16' to
1.676 tetara with ranges from ground ter* of 1.000 to 6,000 meters. Thirty-thrte flares, varying tn
Intensity old burn-tire were dropped singly. Fifteen percent of the statiouaro targets and five par cent
of the moving targets vera ,'stected while oul.- one percent of both types of targets voe identified.

Initial simulations by the Aerospace Mfedical Research taleratory IMed three different groups Of
sobjects performing target acquisition (detection and rocognition) tasks under eirulated Mtark 24 flare*
light, simanted srt to" flate light (a recently developed flate which protace- 60.000.000 lumnn) * and
simulated sunli2ht.1,S CAnarslyq target arquisition took significantly lougder under Inir simulatod

ethe research reported in this paper Wan conducted by psronal '.0 the Aso~oc WeIcal 1eserch

Wmboatory, Asrospace tiadical Division, Air Force Systems Cov~Aad. Urilh-PAttoren Air Fortes $a",
Obld. this paper his been identified by the darospia liaditsl Restarch L&I-czetory as Af-Th-1114.
further coproduction is otoried to earlefy the road& of the U, S. Govatcueat.
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Mark 24 flares dropped a simulated distance Of 0.4 kilometer apart and Ignited at a simulated attitude of
410 uaters. This compared with significantly shorter times under the simulated ktite",es deployed similarly
xe still shorter tines under simulated sunlight (siahlatindi those 111,,t conditions characteristic of a

patly cloudy" day). However. with the simulated Bricoes there appeared to ba a much note pronounced
dirett glare problem which was apparently associated with the aaore Intense flure **are. In an ef fort to

allvut ths ltenialproblem. efforts have been made to develop shielding techtniques fat glare

The early simulations Involved attempts at scaled-dao reproductions of rea1-~world characteristics*1 without ragard to the scientific ivestigatioU Of the Visual System in tame Of Much concepts as visuaL
auity. Wlhether visual acuity Is generally defined as the capa..ity of the eye to resolve detail, or
specifically defined is the ability to discriminate black and white detail at various distances, there are
many problems associated with taking purtly clinical or laboratory visual scuity amaurements and applying
them to the field. ter example, direct application ot the normally accepted aethsods of measuring visual
acuity to the fil LOU I- iff icult in a visual search task from 'as aircraf t because: the eye, the platf ova.
and the target are not static; the scene Involves color; and the Illumination level can be measured only
generally. On the other hand, in varying the fsctors included (i.e..* ills-eiucfava etc. i the researcher
can be accused of not really measuring "visual acuity" at all, or of using a concmpt that was not Intended

T to serve as a criterion bridge between laboratory and field. bost rather as a precise clinIl" tool for
dletermining the visual capacities of Individual. subjects And patients.

Tet thes gap between Yzboratory slnulete' and in-flight validation mot be bridged. UtilIzing high
fidelity terrain models can be successful. Rowever, thar* is great difficulty ta deplicating and
controlling features similar to the terrain model In the real-world validation. Thbs apparent alternative
Is to take accepted acuity measures end "moidify" them for laboratory slaulation &ad eventually "blow tha
upe for In-flight validation.

Thin paper is costerned with the results from three recent iulationt experisents. Experiment 11 was
eattempt to determine the behavioral effeact due to flare shielding utilisin a 1:1#000 scade terrain model

and simulated shielded and unshielded flaue sources. In addition, there was a camncere with optimal smbor of
flu"e to be used for a given target atea for both shielded And unshielded Mirk 24 flares. Twelve greupe of
smibjecte vere used, Each group searched the terrain model under from one to siz edmulaced floae In either
the shielded or unshielded conlfiguration. Whbile the ilUmiaoced from a shielded flare Is greater at the
enter of *a illumintion pattern, the illuminance from an unshielded flare is greater at 40 degrees from

the center and keyond. Therefore, strictly from a visual performance point of wiew, it was necessary to
determine what affect these different patterns of Iluminatiom could hev om t&Vt acquisition.

lRineet Is was also concerned with flare shielding. Uovevert in this experiment simulated
0,000,000-loven flure* ware used. This msame to ha a reasonable follow-on of~ert since an earlier study'

bdIndicated that the direct-glare problem nay only be associated with the more itense flare and. Alo
a 60,000,000-lumen flare which burns for 5 minutes is view being Introduced for l.1imited use. In this
emapermnent, two goups of 15 subjects each searched the terrain model undst two simulated f lars in either

the shieldted or unshielded configuration,

Eperiment 1111 was conceraed with the optial observer altitude for performing vicually under X k
24 flare light. (A earlier study established 610 eaters as the optimal altitude for flare Ignition.)
Another concern Involves the type of measurement of visual performance. Required is a Slavere which is
usalle In the laboratory, yet ezpsodalas to roal-world validation. Each of eigbhz groups of five subjects
tasrerwed mc a different smunlated observer altitude under simailated flare light. The simulated altitudes
ranged In 152-meter Increments f rem 152 Le 1.219 vacers. Leaidolt rings and scuty gratings wee used as

targets. In additon, four different brightness contrast* war used.

The subjects wore male collage students with normal color vision and 20/20 acuity Or better. Color
vision was tested by the Dvorine ?sued*-Isochroestic flates. Visual acticy was ceated by a gauach and Loeb

Master Ortho-ater. Sixty. thirty, and forty subjects were us"d in1 Expennents I. It and III. respectively.

yhe "ain feature of the appratus was the simulation of the flfare source. The Naal mark 24 is a
emoly-used parachute flare and It produces 25.000.000 lues for three minute. Simu3lation Of Wei

flare Is accomrplished by use of a standard. Me. 47 pilot loop.' Operating chic lamp at appropriate voltae
reasonably simulates a hiark 24, on a scale of 1:1.000. operating a standard N. 45 pilot leap at appropriate
voltage teasonably simulate. the 60.000,000-luatn flare. Yo! experiments I and It the simated shieldS
consisted of sodificd flashlight reflectors coated with opows' white pain'.

the flat* simulator (fiture 1) is composed of SIX W4echan~ialy-drivent en Lacrccycured
Va.. 47 pilot lamps mounted on a framework suspended f ro3 the ceiling of a laboarat-iry dark room, loch
simulated Iflare can be manually positioned within then length and v 'Ath of the frsarimck. Th i deacont of
sek flar, io controlled by a U4 Volt ZC motor. Usn voltage co euch motor to a rasp function to sLImuate
the constantly decreasing velocity tn the descent of a paxrthute flare dwe to its ease lose ctd heat
generation while burning. All six of the flares were used In tsperiment I. two mere used In "xeImen t If,
amd oat in Er~iment Ill.

the terraimnmodal (Figure 2), used as the background over which thet subjects serched for targets in
WTLArints I Ad It. 13On a scale Of 1:1,000 Ad presents a realisic portrayal Of &itJeAl terrain. It
=somacme 1.5 meters by _ . nacrs. which teptess 4 terrain of sbout 5.5 k~amatars long by 1.5 kilometers
rids. The adel simlatu #14 color end t'Aflerctsce pr6,perties of the reol world within the visible porto
of the electromagnetic spectrus and can..ained aong otbhes, the fellawist as eeas which were used as

4
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targets for Zperlmunt 1: roadt rival. village, Palmy &Tea. bridge. parked truck, Seeing trucek. awoed

$SW.pa and anti-aircraft *It*. Three perked trucks. three slilagee, aa1 the moving go"pa were used as
targets In xporl"Aet It.

O de r pro-lle the subjet bytetranmoe sfp:.at .ad1,h w lcdLma

ty. toet ril 's c air and e~u red o ke p t e ba k o )vi oe d g t s r t he p as T rg h i t e se of

troley Aichp~aledthe ubjct aongthem~alat s~nlat aee. the about~ 15 kilote pefour.

e ao.s m n m e p r b e a i y*5 p rs5t o n I n o l e s t e a s o e o ut i on v i d r e o n i i n
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pc~2IA~l KCUTIESS(cda 7 )SII rMMS (cd/u 2
) KOHW..SS CoTWVT ?flWWACI

.115 30 74

30 24 20
9 26 -200

itch Subject Was placed in the notorized optreetrit's cUair atd wes required to keep the back of his
head against the head pads. Through the use of the chair's elevetion feature, the eyes of each subject
were -iauteined at 15.25, 30.!J. 45.75, 61.06. 76.25, 91.50, 107.75. or 122.00 cutimnetore above the
target surface to correspond to the simulated altitude* of about 152 through 1,219 meters. Table 2 shws
the vis al angles. Actvl and simulated altitudes and e"t ranges for the eight conditions. The visual
&aIee were tompvtd using the following foruula.

1
8

Vim&nL laele - 2 arcta, 2

ec L -SUse of the target gap or separation.

bd 0 a Distance from thd observer's eye to the targt.

jetthe -dominant eye o! each subject vee coved vith an eye patch e% .e, at the actutl eltitudeaAik ee - ';"latsd, thus w M be so stereoscopic diste/,eapth Cut. VIA StJdy Wa 4RS CotAUCted L2
alaboratory Urr.: o,

Usvisualle expressed I Table 2 Sems thtthe target vera perpedlcular to the observer's
eye. Bonec., targets wore actually perpendicular to the flare source. The incdent angle fo the
ebsrvet' eyes varied from 39V for esAlated 1.219 uetir altitude to $1061' tT the esmulated 132-ster
alut./.

TWA51 MM A0 SW U AND ACTUAL ISMSU
V EZ)SAAL CMTO!67g TOR WIRDONTIII

j 05 t M U OLTt ACTUL m A ! AC = rr n It

(Hisa S-ac) 2leter&) (Centinarers) (motors) Lft etLAr a)

I 6'25" 152 15.25 1,027 103
2 6112" 365 30.50 1,061 10
3 352" 457 43.75 1114 112
4 513V1 610 61.00 1,165 2int;5 5'10" 762[ 76.,s 1,270 in7

6 4'0 914 91.60 1,367 M T7 4'300 1,067 106.75 * 1,473 14.

a 4'8r 1.219 I±.00 1,37 130

no 11 u b.ci were divided late 12 po ef 3 Subject ,ach; is lawrmat U Table 3 smi zes

the conditioni f.r ech group of subjects.

,h u $~ e dwidit 2gouse ujceeahL prea .,Tbe3saie

SUSM OwU CO MIONS 70 mn=X I

ItI7 OfMURS (SECM~S) 01O ACtUAL (CMLw(IM) 5114.71A12 (METS)

I t N& /tlded WA I/A
2 V P/A VIAielded ZIA W/A
$ h 20 Shielded 183 1,629

J 5 3h ued 111 1,3724 3 13 VU *ULed 137 1,372

7 4 12.5 shlt1o 20 1,097
{ 6 12.5 Quhtelded lot 110 7

$ 10 sde 91 9t14
5 0 10 fteh~eldod 91 914

12 6 5 92AhMaIded 79 792

ALMtr iuttl ecreaning *ad prelilaoary tpla',atioa each rjaect wao trained to identif!y the tm
.-seco lt d 4clit. This Wa eccosplished by repeatedly pointing the trt eo out on a sallet ertran

%:461 lu.ted ;L tte suajots
' 

pteparetory ram.
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in Table 3, to SL~ulatoa flare aircraft flyin track parallesl to the simulated flight of the subject.I

WA tothe hghstarting pavoints. Te ithazn fleares ote iteduto **d.e ac i feren t inr ssedn for
t dy *n theci a M.

' Tbcoo types of data veto recorded for eacU oubijuct3 total zusher of valid targets found: errors ('i.e.,
Ue~figa truck when none ws to the area); and time elapsed frmIgnition of the first flare toea

suktace* verbal response that he had detected. identifiled and located x. target, Concerning this Last

variable, to: any of the ten targtto not datected dt'rIng a run, the subject was £Lwata a response time scocea
ef 1*0 seconds ciuts this wes the shortest elapsed time for any of the flare coaditiono.

2We procedure for Mcpariment It wss similar to that for Expertment 1, except two groups of 13 subjects
each sore establiahed to comsepoz4 "~ the shielded ad unahieldedl conditions. to addition, only tw flat,placed 163 centimeters apart. var* used. Concerning resionso tines. for any al the seven targets notdetected duting a run, the su~bject 4as given a response tint &core of 30.O seconds sifce this was the

k elaOpse tim for the 60,000,000-lunen flare.

In Uxpoimea 1ll. 40 "ibjects v weted. the subjects ware divijad Into eight groups with five
subject@ in each group. ztch group Was exposed to one *bterver attitude condition. In addition, all

grw ars exposed tothe totypes of.targets (Landolt rings and sculty gratiags) and the four brightness
contrast Conditions (Ti-ble 1).

After preliminary explanations and a trial vag, each subject proceeded with the task or detetumi
t, the position of the gap in the case of the Landolt ring or deterin~ing the orientatioa of the acuity

grating. The order of presentation loat the target and brightness cratrast csibinstiona was tendon.
24tvamsi essions, the subject wvte opaque joggles to promote dark adsptetiom a&d also to praveat o"n
target plActneats. The data recorded for analysis consisted of the time elapsed fromk Ignition of the
Cls.1 to a subect's correct verbal responis coccerniag the gap of the Landolt ring or orientatior. of the* . ocaity Vosting. If a subject was unable to dotaratrA the crisotation of;a target. h* vas gven a teapone-
time -zore of 180 ecaod, sinc that was the duration of the turn time a the single simulated flare.

In -i~czineat 1, for immbet of targets ad errors, the experimvental. design ses A 2 a 4 faCtorial.
The Mort fator refers to shielded versus unshielded sades (Mv levels) and the second factor refers to

'P eaer of flares (six levels), for the respone-time stores, the desgn was a I X 6 X 10 factoria with
sopeatod ns~sutes on the last factor vhich refers to targets (ton levels).

* Is Rxperiment 11. for maker of targets and error. the statistical design was a 1-test with IS
* saoct2 1% each of the two groupa (shieidnd flar** end unshielded flares). fot the response time scoes,@

the design was a 2 x 7 factorial with repeated measures on the second factor which refers to targets
(ewes levels).

Ia Rnperioent 111, the experimenal design vas en I x 2x 4 factorial with repeated seavss on the
inst two factors. The first factor taf ate to observer altitude (eight levaes), the second factor eftaee
to type of Larget (Landolt ring or ecuity grating). &A the third factor tu.era to brightness costrast i

to sctiptive results coesistiag of o*ecell ins for the effects due to shielding Mark 24o wre
smmrized In ale4

LVA 4

QVIRAIL~ WS3AM fUSUt~I KX O-1= V d 4

Targets fovoi S.92 7.13
tet .77 .10

Response Tim (Secons) 97.42 27.63

tn ters of overall grand seens for the entire experiment, the oeorage sbject acquired about7
(1.03) otares. m shaout 96 (97.44) seconds to find an average target, and committed about .8 (.8)
"Ttt dr:,t. i an average run. The Mean response-tive score i9try CIOe to the overall nahn (91.4

* "coeds) for Karh 24 flare light obtaine" ftem en earlier sap yvolviLng Mach more Austere methods.
None of the three variables revealed ay statistically significant afetoh due to the flare shlifen

I'versus the cnn-shieldiing. further, for the date consisting or macber of tarvets ecquired. there ware no
statltticslly signliinet effects at all. tor the response ties data. Table 5 reveal* a statistically
significat main effect due to type of target And also a ntitcent Interaction between type of tattet
tad aoabor of flares used. These results necessitated the searc-h for the simple wain affect* of cusher
of flares for eachotype of rtagt and this analysis is cucrlil In Table 6., wkich reveals that onlyIt the village, the noig saxpan and the perked truck coutributed statistically significant main effects.
for this reason, these three types were the only targets .%rd in txperistnt 11. The ter* sian square for
the anti-aircraft site !e attributed to the tac, thAt it weo nrt detected by ony of the Sybjects In any
g coup. The liesot Louis teets for difference: on all otdeted meant for the three cain effects generally
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tget laycte so" I& the ezperlasat The data ceslestiag of eftnI eve aled a £ tsI51
gieif leant effect due to amber of flare" used.

NmOf AULlsis Of ?MASC? vol RESPOIS
*~~TO I S OMS 10g WESI00I t

Utensubjects 10,182

A (lbieldtom)01
a (no. of flat") 7,012.000 31.402.400
AS* 10,643.400 3 2.128 so
04" W/gTOuW 63,44.50 1,738.620

MWA Subsects 2.376.34.100 0a

C (Target) 1.429.418.400 910871 3.
AC 10,830.400 9 1,20.600 10

LU0 54050.50 4a 3 423.344 2.8461
AD 63 1,412.700 45 1,344.727 1.12

C I flabi v/peeps S2O,202.100 432 1-104.172

$NOW Of *AiMIUS Or nS~ZM DIECIS OF uagu
Wf RLAmU 70 0112MM ?AMS Y370 M 1fhw~

or fe 1 flv 2,47.400 9249.733
2I" C 0 "0d 1,541.483 U 21.274

3 for %-(Village) 23,100.740 9 2,546.749 2.13'
3 for C4 (kidse) 10,387.4"0 9 1,15.164
a for CS (paddY) 5,90.000 9 454.222

t or 04 C~ovla Truck) 8,941.400 9 953.409
t or C? ONe'lSg leaP.) 49,719.490 9 7,746.610 4.43"
fIe C8 (lathd Truck) 23,392.09 9 2,631.414 2.340

5 for C9 Ofteued Samwa) 13,445.150 9 10316.1"0 1.24
a ted20,2i-lmaf) 0.00 0.0

C - i /rou. 52,20.10 4;1,204.172

Uses the target problems presetd to the sebjecte wase tsosidoeably sets 41ffileult Sad It Was hoped,
ft" s tlvu, thea tbose presented Is bptiaee~t 1. Ofe results free Mpeluelt are not c"eaabla, for

exmples wIth the reesults In Table 4. for the shicded geeditoo. the average subject acqwl:d 4.13
taret., tack 171.77 Weoods to f(IM as, averae target 40d evestted 1.27 *VMeS. for the usshielded
eneletine, tte a 0ta40 subject acwuleed 4.07 targets, took 181.15 seceede to Lied es average target a&d
omittea 1.93 etrows' Statiatical t-tostp for the targets few"l sad enote ad the enalyos of variance

tft the rap.. time tcoves rewvee so statistically elpificeat titferwace do* ts the shieldifg Vernes
"Shielded ceadittesr the 6060,000i-lusfe fuars.

TablI o hmw that cessideti~s aspoae~o ties variabilty was teum betwous ifoest slimated *
Altitea.. Table I shoe" the swasay of the eselyals of verlence tog these data.

3 Thus 7

OM= NU REPOS 315 W5 NYZ IDWLAT AM=?L
M0 LOUD=~f LU

8~~~S1L&I ~~~m gmmaI~ 2IgiS ~ 111 3 ilS(SCO)

435 31.74
410 5.92
742 31.41

*1 1. M.2.J 1,211
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tween 1bWecte Le

A (Altitudse) 1,305.30 I . 16,757.9 5.124*
Sab /W/ pe 10431.01 312 3,70.34

within Notets M.1202 0

a (type of Target) 4,123.63 1 4,125.65 12.23"
*

l6,910."4 7 N7.23 2.93"3 1 SamJ v/Croups 10,7"$.63 32 337.30
C (btsessn Contrast) 1431,123.$3 3 47,1."A 2l..53-
AC 10,832.M 21 3,753.94 2.2tC z hNJ W/G 10,S16.291 0 1,$?2.17•"
3C s,226.04 3 1,74t.01 IM
ADC 2,3$"," 21 11206."6 1.31
3C I 86hi vlSeq loW.1 9 19.07

IM sJ h *~17o1811 of veutuco faoe te*u times. Table 8. the statistical bypothorIs that there an

an sigelcant diffrces In reepene ties Sonothe eight $toepo Is WK tonable at t .e 01 level of
e fldattie•. The boacen's hew 9sotlre Range Test . at the ,10 eInvol of cctidgee. lndicated -1 reslts
Soummaler d to Table 9. Ia, tkla tab as aterik Indicates a sta illy erighieeait aiffsero.

M fTISTICAL TESTS 23 0 ALL O lM 18 0 O If

mm~~K ice MflST it:

71 S

.. .... .. .... . .. ... a aL

la e at eet ce. tether, the data teed to indcae that the gru Sattngs requited eignftceutly
legrtns thea the Lendolt rins. Is Jdditteo. the statotilq bypothean that threo ass so sigeificet

difveauce in~pee rap..tie. due te bci~htasor cetat level se ot teesbln at the .01 level.
of oeefideece, Ib 5 ' - tiltiple q test at .01 level of c~lUe. luldicated that brtens~
utateete of 4 4 d74 percent Vera associted with shorte? teeea tines thea the Coatresti of 20 ad
-200 percet. hoever t, r of ese pairs tee sigalfictly diffort ire, se esther. linel7,

thus. we a staetitcelly signScan interactin hews., eIltude med type of tartet at th .03 level et

kstht6r 55 srtttally eigqiJfaS dlfftiweco$ due te simelated f lae ehteall wee eestht
ourpris~q iog ver, the are seveal other factors coecersin shieMl8 otrat thea those In'volvin8 the
dspesdes, vriables ussd Lfa thin arperi~nt. Tot asle, the visual perforneace is ti etudy was restricted

tetbt asasciatad with area earch fee u~rgsts of opportunity. Also, thoough the shield say not erahe
v|sual perferats. for this8 typ of a t ti teak, i1 .' preveac lluaaato of .t he aircraft from the
fLies. as1 aperrat coneidertitonl. All earlier s~y Ldcate that the full beset t o flate seldnog
seyM noe realised unti th caadlnpoer of the flue rech~e 40.00.000 lucas. Therefore, the roJu1I'e
from lzet/ment IlU which alse revealed that tha e s o statistically e1451* ices eel effect due te flare

leldia S ccns/tttcdl a further surplice.

The result. coacrar ainar of flar~es are1 in :3*.. aeces with our esrlit tudy
2 3$ 

which diel•osrd
no O/lgntflcatt differenese in petforsance when en~lsged .4, ,I*, en4rd 1.6 kilt:cets separtions heiveel
flare er t ved. Discounting flare falurte rates cod other tatl muaneuvers, tlhere in no rtilonale for

,terrean moda utilized in the eaptist.

The differencse attibuted to type of taretl were entilpalted. In I~ptlsost I, totseo |ects detected

l. .tif led4 the reed end rivert vithla a e ec s while the eati-eircraft ste wee never detcted.lcTefar this eaperiseni. the izoortant targets were thee, which provided variablilty for the~ difforent

924ll~~l l~ ll l e th M l~ ld k I lll l l 1 l4€.~elilt



somsbject detected the amti-aircraft *Its was sot a toal sucyriae. eose. Seutheat Asa townsee
toeoted that these ait"a oze soldom detected faalse* they are I Inip.

It SO appeemt from Tablas 7 and I that for tha sluet raft. eagles of this study. observer altitudes
to the range of 610 to 914 meters are superior toOther "Ititudes. Specifically. Wule 610 aterv did net
roault I fisegificantly different Performances from 762 64-4 910 voters, the 610 eter attitude was tha emay
eve sigudficatitly better thin all of the other attitude cood.iti Re. This preblas mew wsete flid vall~e-
tivi via an In-flight study. it Is evident from the results ftv rpEnifat tU! that these acuity targets
(1.000 thea latter).* placed as a controlled ground point will Provide reasaeble criterion Measures for
the Inflight valdastios.

NN - or., It was Surprisfilothat the e.utty gratings Severally waee aeeeniatsd with pGooer performance
them the lAndolt tins$. usggS1 reports that is the case of atuity gratings. each #deslta element (i.e.. a
mins, XIcme) at the grating Vatterm would be clearly Identifiable if it were preseut&C alone. Romeero the
pwerence of contours (i.e.. other Ilne) sae It dilfficult for the observer to dincriaimto the separae
elements of the pattern. tt Is reasonable to asinine thic eves with the Landelt ring p? *"I to the
aoeration width between the gratist he, the two targets do "t afcessarily present the 040& level of
diffitelty In diecriniuating porformance. In addition. Shlwor found that tWO fISOetife" reeUIURi from0
the was Of these two targets to be quite disamilee. with the landolt ring reenltieg Iashiaher visual{ acuity with increases in Illuminatios. Nowver. he ceided that both are aimsabla measurta of wiseat
perforoce.

jalince viseal acuity appears to be a fern of brightness diacrtilarinool the sigeifiat at% ewfct
&0to brightness cosrst bears som Importance. The results of this ma effet were anticipated ebcept

for the relatively poor perftornce in the condition where the targat tao brighter than the background

qeito law (See Table 1). tn addition, traditional empirical data have shown tbat, for dark objects emaI. Iight heckflouod acuity Is maximal for the highest degree of Coatrat batre-- tort ebject eMA
heohgrewed. The converse my Ot aeceasarily he true.
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